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03107538. X 



^ m ^ m =^ 



1.— ^t^*L%^t:SSLitiG4f, 
Ea.^;f ^hf- l.Ox 10^ Ocm 6^ 

^4^^ ^ — >h ife ^ # :f m 6^ ^ 53^-^;^ ; 



2 



03107538.x *l *J S ^ ^ M2/61S. 

At 2 

Ar^ — N — 

*t Arl, Ar2 5^ Ar3^^3ii^ifc^:a^T^^^^^6^^:J^^^ 
>^6^ — #: a-NPD, 2-TNATA, i^-TAD, j^ig-NPB. 

10.#-#*L^'JJ^^8 6^;r*L%ffc4Lifc7C'H^. ^^Tk^Jk^^^^i^ 

0u ^f? ; 
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•V 



03107538.x ^0 ^ ^ 45 M3/6M 

E9 IL-W -^^aa— ^ *t(4F-TCNQ). 

18.#-^*L3f<JJ^^ 17 6^>^*L^ItiLit7G^, ^t*'^ 0.1-10 
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,1 



03107538.x *l JpJ 31 * 45 ^4/635 

23M^^^]^^i ^^^^^:k^^7L^, ^tT^^it-^>c&4^^ 

4fc # ^ * ^ ^ ^ ^ ^ ;^ ;^ 4fc ^ 6^ IE . 

»a 0.01-10 ^J$=^^^^^^^!^v^?^M:fJ^s^^^m,it^:^m^ 

'H:'^^^;^>?^>^;f;:fcLi^ 30nin 6^^^xi>V>&. 
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03107538.x 5! * 1? 115/615 

P9*L^|aJ6^, I, 000nm(l 

\i m). 
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03107538.x U M M ^ 
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03107538. X 



m ^ 



6^m*L^f5I6^itit#>&ilJLit>g:. EL 7G>fttit^^^6^9 6t, 

Tang^>^, d^>^t Appl. Phys. Lett., 51. 913(1987)^-^^^^60 

^r>^^^^i:k^^)10>^^^^^&-r, l,000cd/m^ 

Jtb^h, Tang ^/v.5SL8>g60^^'j6^r>^^J^^. 9 >*^^-*:-#-iN 

t^No. 59-194393, 63-264692 jff 2-15595 'J No.4. 539, 

507, 4. 769. 292 ^» 4, 885, 2n)'BLm¥jA:kp^AJ^^m^^m^^ 

i^^^¥^M:^^i^M,M-A:^M.^^ lum, T>':*^>^^fe#^^i^;5fe;&i»^>S. 

000^, is^^^^&y^i^^^M^^^ 

(V/cm). 

7& -H- ^ Tang ^/v^^ i^^'J fk\^ t > ^ifc'fn ;^.^t. 

>j5t-T-JtilK.* Helfrich ^/w^ 1960 -^-f^^Clfc 6^ ^p, Helfrich 
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03107538.x i^i 11 15 



^ii^^&^^^i^^ loov), ^^yjL^^iik,^^^^tt^(yv/w). 

^ Tang^>^^*i5L6^^>^>C##^^iLAtf f EL iG#. ^ 

fJ^itlO, 000 'hBt6^^^^^^;^^i<r lOOcd/m^A;^, 

J^tJ^^6^. i1^> 'l^jl^>^i'>li^^>1^1^6^^#^4^(10, 000 'hat ^ it 

1, 000-10. 000cd/m'6^^>t.. it^^BS^sJ ^ t^^^. * 
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03107538.x 1^ BJ 45 M3/47M 

^^JL-]r mA/cm^ ^'JX.W mA/cm^ ¥j ^^^v^^AAoL^m^. }£. 

i^m^^n 10-100 mA/cin^6^Jiie.^wi^>g.. T>'>ti^itr jH:'^tfe^^# 
>i>^#^>C#(db.jlfc^4«. EL it#)6^#'^, >j§t^it;^ LED (iJL^— ^I'f ) 

^> LED 'tfe*Ai'^ii.>v>c#^'j^^TJt^*u4i:i>^i^jti(y^#:6^it 

9>*^i^<^t>'>^^#'J t-* No. 11-329748 (;fe>a 6^ 
U.S.-I-^J No.6. 107, 734)^i5C— EL TG'H", iti± t -f" >^ J':* 



10 



03107538.x ift HJi ^ M4/47M 



^9>$wi^<fc/ii^^-t^Jt-^No. 11-329748 t^Sl^l^^f-:^*^ 
^^S.^^i- lum 6^>&>^;^^^iC.i<r^lli4^15r^g^, ^^^^^^ 

^0.1 pm(lOOnm), *»>^t'^^;^*L EL ib^ t W*LT^4fcloI>& 
^"hillock), gp-^y^L lniii^it:fc;^>^T^^m*L. 

jlb^h, >*^iLH>« 6^ iL»>^/^'i^>j5t g ^L^^iJ No. 2001-225847 -f- 

8a/^^^^#^>i^^, '^^nHt-75T>y,-^%#^H-, ^P, i.Oxio^Q 
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03107538.x i^i 1$ 115/47:^ 

cm ^^H^^^ik^^j^^^. 

^I^Ji, d^® 38B ^/r^, ?F^#^l&9>*^i^:*^ii-^^^'J t-^ No. 

11-329748 6^>5^^, ititd^T>5r ^i^^ EL >0#6^*»Jii:: ^JitW^L 55 
^m*L 52, ^^6^:?^iCi^r^>^i& 2mm 6^^, 55 ^P9^ 52 

Pp. 2 mm iE.;5r^(D), ^^^^^j^^^^lS.^S4 ^^^M^ — l^^ 
^ iait J':^ R *>>^^9 4-^if'Jt-^No.2001-225847 ^ife'fiNl'''^ 

0.1 mmiljt'J^6^^#-J^>(l^-ti^(>j5t^>h#.^4LliI)T*jit. 
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03107538.x itt HJ3 ^ ^6/47M 



(Simple matrix-type) JL ^ic^H^A^iti^-^. ^^J^X^n^i:^ 

1.0x10^ Qcm6^^^^^. 
^^^^/^ik^¥iA^m-^^'b^ 1.0x10^ Qcm6^^^^>g>. 

>^ >fi ^ # ^ >g: pa *l #J 3^ ^ ^ 4p 6^ it it t - 

Ar^ — N — 

*t Arl, Ar2 ^ ^r^-^A-^SLi^J^ij:-^ 

^SK^^-fipT^^^ — ^: a-NPD, 2-TNATA, if-TAD, 5^2^, 
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03107538.x ^^ 



-NPB. 

% 'ti ^ 6^ J. — 

^^^^^yJ^A^ 0.-^ T :^(4F-TCNQ). 

^yJL 0.1-10 6^#4;>b^>^^^^#.^^Jd^^,^, ;fexti^>^E.^^^ 
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03107538.x iJi 93 ^ M8/4735 

4 

^)^^ 0.01-10 6^#i5:^b4l.>^>^Tt^;tii>v>g:t'i5t;^^*r^4fc#^ 
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03107538.x ^ 4i ^9/4735 



^^"f- 1, OOOnm (1 M m). 
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03107538.x iJi BJ 45 ||10/47K 

@ 6 ^>^-^>&^ 2-TNATA 4F-TCNQ ^ ^ ^Xi^t ^ 

® 8 Ai^. B« #-#^iSL ;^*U EL TG-H^v^ ^ 60 ^ ® ; 

S lOB ^n^m ^t^M:i^M^M,^^¥j¥i^; 
m IOC ^^^f-W*l^j^60i^>^4^^60^it; 

© lOD ^i^^H^;^;^EL iC^^iiiOi^©; 

© 11 A.^m^^^^\ 2 t^Jit60;^*LEL>G#>&^^*^60i^J|-# 

^^©; 
^^©; 

© 13 AitmA^i^'^l 1 t#'Jii60;ir*uEL>c4f>&^^*^60MJ^# 

© IS;!:^!^^^^-*^!! 3 t^Jii60:^*LEL7G'ff>g^Jb^*^60j^^# 









1 
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03107538.x ^ BJ3 45 milMlM 

® 20 ^^'^^^ 5 t^-Jitfi^^^ EL TG-H^d^JSSL^t^-^S; 

© 22 A'iSk.^^'^ 1, 3^^:5fe^ 1 2 t^j3t6^^*LELx.#6^*, 
3 23 ^>^t;^:#'f^!| 1, '^^^'{^ 15^2 t*]5t6^^*l»EL>L#60'fc 
3 24 ;lL>^t-#-:#'0iI 2 3^3, jpf^^^'W 3 t*l3tfi^:|r*LELiC#fi^^ 
© 25 A^-^^-^i 2 ^ 3, 3 t^Jitd^^^UELTC-H^d^fe 

© 27 A^^^i^"^ 4 t^Jit6^-H.#;g-;^ EL TC-lt 6^ ^ ^ >S. ^ ^ 



Hi J 



© 28^^^:5fe'«^J 4 t^J3i6^-^#^*l*EL7G^6^%i^^>g.-*.>ffi.l^ 






® 29 ^^Jfe-^^'J 4 t it 6^ EL 7Gfh6^ ^ ijl. 

© 30 A^^^^J 5 t*Jii6^-^#^^ EL iC#6^^>^-%B.^^ 
©31 ^^^^sfe^dS t^Jit6^-^#**l*ELiC#6^%i^t>l-^>ffi.* 
© 32 ^;5fe#J 5 t *J ii6^ EL iC^H^ 6^ % 
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03107538.x ]Si ^ 



@ 38A AMlt^^ q ^] t No. 2001-225847 1 4«S^6^;^r^ EL 

® 38B^itB«;^*LEL7C^>&J^^;|^6^^J^;Bt;^S.^®; 

© 39B A^8j^^;3fe^j 3 t^Jit6^^*l*EL7b>ft>^JbM*^6^^# 









1 



® 40 AM-if:^ V2O5 ^ a -NPD ^^^^M:'^^ttiJ^ ^ 1^^), % 
@ 41 Aitm^m^^ 6 t^Jit6^^*LEL7G^>grl:^;|^6^i^J|-# 

@ 43 ^^^^^M 6 t^-Jitd^^^^^EL 7C>#^^^iG^6t^>i^^ 

® 45 A^^^:*fe#J 6 ^Mit^^^ EL K.^^'fm.X.^i^^^^ 
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03107538.x ^ BJ3 1? 1113/47;^ 

^, ^^^^m^^M^ EL it-fh^jSt-f EL /L^-^^AM:^ 
%#>*i;g^^%ia^J.:>' l.Ox 10' Qcm, '{fci^Jfc J- 1.0x10^ Ocm 

'hi^ l.OxlO^Qcm 6^%^^>&. 

J-:> 1.0 X 10^ ncm6^^^^>&, *»Ji//rji., ^^.i5t:3fe;&P^>&Btt^^ 
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03107538.x m m =ti ^14/473l 



^ # ^ pa *l #1 ^ ^ ^ ^ 6^ it 7G t . 

^^i^(a)^(b)^l^ 6^ ^it-^^.J^J^ Bt^ j^60 Se.^^^ & 

PH^^^Jt^, :i::^^;^>tt:.-^i^6^^^*.>l3.'hi^ 5.7 eV. ip^^#lft^ 
(a)6^;^*L>ft.^#6^ % ^ 5.7 eV )^K:t^;^;^>ft,^i^^^ 
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03107538.x iJi ?8 1? ^15/4715 

Ar2 

Ar^ N 

* t Arl, Ar2 ^ Ar3 ^>f-^3Li^^TT:^^:^^^^ii(j^^. 

'^^i^'^^^f^VC^^i 9 >*wik;*:/iS^^^«Jt^ No. 6-25659, 6-203963. 
6-215874, 7-145116, 7-224012, 7-157473, 8-48656, 7-126226, 7-188130, 
8-40995, 8-40996, 8-40997, 7-126225, 7-101911 ^ 7-97355. 
f^VC^-^^^n^k^ N, N, N', N'-iz9^^-4, 4'-^#.^)pl^, N, 
N'-— ^^-N, N'-j:^(3-T^^^)-4, 4»-^#.^:^if:, 2, 2->eL(4-^-)«t 

N, N, N', N'-B9->ttT^^-4, 4'-=^JLJ.3^^, 
;eL(4-rL-x^-^^^#.J.^^)^^^;^, N. N»-^^J.-N, N'-^(4-V^ 
S^l^)-4, 4'-^#.^J^^, N, N, N', N'-B9^J-4. 4'—^^^^ 
St, 4, 4'-iCC(^#:^#.^)w:¥l^(quadriphenyl), 4-N. N-^^J.#.^ 
-(2-=-^^i>#l.)#:, 3-Tfr^-4'-N, N-^^l^#,^|^(stiIbenzene), 
N-^l.'t'^fe, 1, l-ieL(4-^-^^#,^^S)5f;e*i^, 1, i-;eL(4-— 
#.^^^).4-#:^if;e,*t. ^(4-— ^^#-^-2-^^^^)^^^;^, N, 
N. N-^(^^^^)ife, 4-(— ^T^l.#.^)-4'-[4-(-::.- Xt¥^-S.#.^) 
^Z^^^\^, N, N, N', N'-B?^^-4. 4'-— N-^J.'t'^, 
4, 4'-^[N-(l-^^)-N-^l.-t.J.]:¥^^, 4, 4"-^[N-(l-^l.)-N-#:^#. 
^] xt-^Jp^^, 4, 4»-jeL[N-(3-^^)-N-^^#.^lJ^^, 1, 5-^[N-(l- 
^J-)-N-^J.#,J-l^, 4, 4'-j«.[N-(9-S^)-N-#:^JL^l^^, 4, 4"- 
^[N-(l-S^)-N-^^-IL^] xt^Jpl^, 4, 4'-ieL[N-(2-^S^)-N-^^ 
#,1-]:^^, 4, 4'-^[N-(8-^S^)-N-^^#.^i:^^, 4, 4'-^[N-(2- 
*&&)-N-#:J.#.J.]^^, 4, 4'-iS.[N-(2-3^^)-N-^^-i.^JJpe:#:, 4, 
4'-j6L[N-(l-^J-)-N-^^#,Sj^^, 2. 6-iCL(j:^.)JtT^^#.-i-)^. 2, 
6-^[^-(l.^^)#.^l^, 2, 6-^[N-(l-|S.J.).N-(2-^^)-a.^l^, 4, 

4"-^[N, N-:^(2-*^)#.^]=-^^, 4. 4'-iCL { N-^*-N-[4-(l-^J.) 
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03107538.x ^ HJi ^ M16/47K 

#:^]#.J-> 4, 4'-JeL[N-^^-N-(2-:^l.)JLl.]^^. 2, 6-^[N, 

^^)(N-2-S^)ife. 4, 4'-JeC[N-(2-S^)-N-^^#.J-]^^ (a-NPD). 
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/ 



03107538. X 



^^^ m ^ mnMm 




^•ftfy^MiA^^i^^ 2-TNATA: 





>^yU,jLH^^i^p^^it^^f, a-NPD, :^-NPB, i^-TAD 
2-TNATA A^^^^^^n^^^. itA^^'^in^^^^t^^^^A^ 
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03107538.x ift BJ ^ f^l8/47M 



it- # @ 4S it 8^ . 

it, #>hj^it#-x.#*.ia#-^ri:«.ia;f'hf- 1.0x10^ Qcm, ^sti^^f^ 

'hi^ 1.0x10^ Qciii6^^lfc^^#/^i>i:^l^. 

>j9t>*L^B^6^;f;^EL7G'f1^t> ^fa.^^'h'^ 1.0x10^ Qcm, -tfci^ 
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03107538.x ^ ^ =^ ^19/47M 



>^^&.¥j^^m^, ^^i^^^^^^ 800-2, OOOnm fi^it^^hEJ^t 
^TF^iltJ^, dii'^'&'fn^^)^-^^, ;&nr>^ 800-2, OOOnm 6^ 

® 5 ^^^dft»T-^#^J^4fc.'^#: 2-TNATA, a-NPD, i^-TAD 
^^^^ 800-2, OOOnm ^jit^^^U.^^ iSL^, -kp^'^^fM^JL 

^^^Ji^it^^^ju$.it^M':^^j^^A^m. 800-2, 

OOOnm ¥j3t^^YJ^^t^-^^>Af^t^y:^^ik^^^^^m^^^^A. 

2-TNATA ^ 4F-TCNQ ^ 7 a -NPD ^ RezOyC-b^ 



26 



03107538.x Hi !8 ^ M20/471S. 



^$^]J^^^^^^^]^^J^M^> .^3eiREJ^(800 J.2, 000 nm)t 

#Jd^, ^>^6^#-'f^^, ^dit', i5^^>^ Li , ^J:.^>^:ftpMg, Ca ^, 
#jL^>^d[«' Eu f", ^il^^v^;^ Al, Ag, In ^6^^^. jtb:^h. 
>^J5^»^ « >^;^<*:>'^^-^^'J No. 10-270171 ^ 2001- 102175 t 
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03107538.x iJi HJ 45 1121/47:^ 



11-233262 2000-182774 t-i^^^^^^. /^^^^±M,M^* 
i^>^,j^l;te>SLi^>^6^^>^, #Jdl»», ^^M'^^^M,-!iP Ah Zr, Ti, Si ^, 

ITO (ft4t,^^), IZO 

itb^h, 'lg.^i^^ 36l#^'^^^>^t.9>*.^^J No. 2001-142672 

^'iS^^^'Jt^ No. 10-270171 t^^6^^>^#^^*I'>^»'^-ti^.:5r^^ 
# ^ ^ ii^vg^, -f- #jH-db»Jii^ ITO 3^ IZO T J'lA ^ # W 

^ EL Tt^^^m^^y -^^/J^^^H^^^^^^f^^^m^^^^ 

^ -f ^ it ^ % % # ii>^>i: 6^ :^ ^ >':^ 1" -f '1'^ 
ilife.#-iC5^#>h>5^Lit#-iC**.ia^;f;'h-f l.Ox lO^ Qcm, ^^Afc^F'h 

1.0x10^ Ocm d^t^/'ivir^l^. 
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03107538.x i^i 45 1S22/47:K 



(=100%). ilA^f-© 2 ^4-7^:6^ ^^(h+)i3LX;^^#i«r>^^;^>&#^ 
(^HOMO, :iLi%ife#^^4ft-it)4*tH%^#^/^^^*^Pa^^. ^ 

xlO^ Qcm, ^i^iik,^'hi^ 1.0x10^ Ocm 6^lfc^##;j^^, ^;|»L EL 

^l^j^*(Vn) i^ ^^^y Pp. V=VH-V2+...+Vn. ilA* 1^4-^1 it # 
^#itiflgL^^(n)^M.EL7L##J^ii.^. Bj*, l^-SSLit#-itlt S (n) 

>$^iL8^6^;r;^ EL ^^^^^f^^M* EL /L^ifi^A^- 
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03107538.x itt Di 45 



>C#t, >^%*l^laJ6^>&>f->£^^i± 1 Mm(^I^Ji, ;F f- 2000 

200 nmyy^ol^m^iJ^ IS ^^^'h^i^LJ^. i^^^Ri^i EL. 
*^;f tE^'l'^ EL >G#(Jiil Kodak ^#'J, 9 >*^i^<*:4i^:^-t#'J 
Nos.59-194393, 63-264692 ^ 2-15595, U.S. ^^'J No. 4, 539. 507, 
4, 769, 292, ^4, 885, 211) t>StSiL6^^4^;F 1^ 6^#'^. 
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03107538. X 



^ Hi 15 B24/47M 



^^M^ — T^^J^S^y^^U 000 cd/m^^.&6^ EL7G^^#I»^^ 
SO-f^tT^^^l, 000cd/m^^>^6^ ELiC^^H:, ^ ^ ^ IB. 6^ 1 >f*t 

6^^^). jlfc^>^, ^;*^iL8>9 ELiO#6^^— >h#4£^^^. *t>C^ 

^'^mit. ^»]Am^0.mi^^. ^t^^M^'EL ^^^^ *-f^t 

Qcm 6^%)a^, '^)^'kJk^fa-^i^1^ 10"* Qcm)^^ 100 
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03107538.x ^ HJ 45 

X 10^ Ocm, 'Jilc.i^ifc^F'hi^ 1.0 X 10^ Qcm)6^#^H-, ffi^^^^^^ 

^^^m^^2 , iLit#-iC3-l, ^'jf/'^^vgr 4-1. iLit#-iC3-2. ^ 

#/^^;&4-2 , %#/^i>&4-(ii-l), JStit#-iG(3-n) *t n=l, 

2, 3, , ^^^mU.i^J^^U.)5, ^ilJ^iG^(>&)t» 

BJI-&#) 1, it:»JPB*l2, iLit-f 7b(3-ii), *tn4,l, 2, 3 

j^W*L5, i^A>'^^6^iC^(>gr). ^X^n EL 1 6^ |P >h 

Xifc#-7t(3-n, *tn>|.l, 2, 3, )^m^^iSL^in^^^^^ 

fSL^^f. f - 1.0 X 10* Q cm 6^ % ^^%#>^ ^>&^ l^(4-n, ^ t n A 1, 
2, 3, ). 

it^^, #t^^>'^6^%#/':t>gr4-n;r^A^#%*l. ^i^* 

^ 5^ ) 1 ^ A M ^ . 

a ^^^^^^^^^'] t ^ No. 10-270171 jfc 2001-102175 t-'^ 

0.1-10, 'hf-0.1 6^>t4'>>k-^^#*^^6tl^>l^, 
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iJi m 45 M26/47m 



03107538. X 



#i^>^6^^>^, ^^J^^^^ 5 nm i^iki^ 0,2-5 nm)^^^73L^M: 
Sum ^^^J^M^,iL^^^i^¥j±MM:^^^^^^M:yJL^^ 

No. 11-233262 ^ 2000-182774 (;te>^6^ U.S. ^ifj No. 6. 396, 
209) (J. Endo, T.Matsumoto, J. Kido. Jpn. J. Appl. Phys. Vol. 41 
(2002) PP.L800-L803). A^n¥j^^}iJ^M:i$f-^^»^ikJL^ 

" , '^^•^T^^f^: J^^^J^^^M^. ^i^>^^^j^#J:.^ 

^J^'^^M, ii ^ % pa.^ ^ 'J- f - 1.0 X lo'n cm 6^ . 

>i:>f >li^-f 10 nm, ^^ft^^^MJ^M^^Mi^^^^^^t^^^^ 
I^^JiiE.^^«J^*fe.(g ^^;j^j:>'>^-t^'J No.11-233262 ^ 
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03107538.x l^i HJ ^ ^27/4?;^ 



2000-182774) :^^>k^ m^^VC.^^ yA ^Y, ^ M 

10-270171, 2001-102175, 11-233262 ^ 2000-182774 (;fe>^i^ U.S. ^ 
m No.6, 396, 209)t6^^I^^^^*.^^3E.>?^C^^*S^)>^. ^^¥*M:{^ 

10-270171 A 2001-102175 f ft^^^^^M:SLM7^i(^^fa,^'i'i^^J^, 
m^^^ 9 t ^ No. 11-233262 ^ 2000-182774 

6^ H.«/^4Jl3i.>^ 9 >^^^Jt-^ No. 2002-273656 t. ^^^^t^J^:^ 

^>*^iL»^>^>i5L 9 jf'J t ^ No. 11-251067 ^ 2001-244079 t 

la ^ j52.>i5L ^ ^ T 6^ ^ 3^ JI.>V. 

>f->1^3^iife.i(^ 30 nmiL^.'h. it'Jfcj^ifc 0.5-30 nm. 30 nm 6^ >i: 
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03107538.x itt M 1i ^28/47!^ 



it^. iL4fc4&, ij^'ft.^, a^t.^, ^it^. a^t^, 

DDQ (^^^— asa), TNF (.2.>5'^;S.^g3), TCNQ (iJ^^^a^— 
fifj ^ ttHLitit ^ 0.01-10, i':4;^;^4fc'^i^it. 'hi^ 0.01 6^#4^>b-f- 

jlb^h, ip^^^^%#/^^>^6*r#7H^6^:5&^l^^:>'-f 4.5eV, 

EL >C#6^ HSifet . il-'^t>*^4La>a^*l. EL TG^^Jitt 
>i5til#6^'hi-<>LT, *.*^iLBfl>«^6^ g>*^-^if<J t-^ No. 2001-153367 
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03107538.x ^ ^ ^29/4735 



^ t jfc — ^ ^ ;^ i 6^ *l 6^ Jfc-^;^ >h4te 1^ ^ 

2001-142672). 

#'Jt* No.2001-153367). 

-^>^/L^tbife.>:dL-^6tB9^4L-:«C^^'f^. gp. X x (2n-l)/4 * t n A 
1. 2, 3, , Bt, -tii^^iLH^^A^^S-^LELit^, Tl^#^i^6^iL# 
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itt HJi IS ^30/4735 



03107538.x 



f^ifny :fe».j5LjLi^9 4^^^;*:^>^^^J t"^ No. 2001-102175 t^>^ 

¥f^$t^, Kp, X X (2n-l)/4^t n Al, 2, 3, , ^ n ¥}i^M 

>^-^1?^J:t^E9^^— ifejaL-^fi^^^t-J^, ^P, X x(2n)/4*t 1, 
2, 3. , n 6^Jt;^/'^^^6^-f 4«.^>^, ^^A^l^v^i^itifc 



37 



03107538.x i^i 45 II31/47J5 



y^rkpT ^^iH t . ii.it'fst^ j*^ ^ VIEETECH JAPAN ^;fe3c:|P, 

m,it^^m^^;B^^^m^^^$i\f^ ^ ULVAC ¥j^^iSL^^M., 
"CRTM-8000"6^JfJ.Jll=tll^, i3:#^;tei5L^.*L#?H-jX^^ii.^^>'iK.^.>& 

Tencor, Co.. 6^#i^#3i>fSL. ^^Y. ^ J*^ i KEITHLE Y 6^ J$ ^S.'R 
"2400"^]!^ i) TOPCON 6^ ^>^>fiL"BM-8"^'f^^*L EL iG#6^#^. 
>j5t.# 2 0.2 ^^i^Hrast^T no fa*L^4S(Al) EL 

^^J^^^^y^Tm^¥im^ HAMAMATSU PHOTONICS 6^ ife. 

# ^ il^#>{iL"PMA-ll"3!«J J: EL ife.#. 

1 

4t ITO (^^fc-^^, ^ ASAHIGLASS 6^3^#>*A, ^li^ ^ Nippon 
Sheet Glass Co., Ltd.6^^^4^|t/'*)>^ »fc)a^>& 20 Q/D (Q/sqX^- 
id. m 10A)ii:9jPa*l2. >^L#^ 10-*^6^^^T3^>j5t#^ 2 :^/#'6^)X^P>it 
^T, ii.ii>«f-^*L>g:^^6^<ir>^^;^40(l^^)(;#^J<LS lOB). 
^^#-i^'ji^6^a(a)-NPD >X^.^«J ITO-)^|t6^i^^l.# 1 ^M^AJ^ 

-H. (8-1^ ( T , ^ # " Alq") 6^ ^^±J^ g&>^# ^ dip T 
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03107538.x itt M 45 M32/47:R 




* 

(bathocuproine): 

CH3 H3C 

|L>^, iti±^i"H«*L>&^;^6^^>^-^^(^^)41(^j?,. ® IOC), 

J^^^U 000 ^^m^ 5. ajH:.^#^;^ 0.2 cm (^>^)J|10.2 cm (3^ 
>^)6^iE;5r^iLitE.J^6^;S';^EL7C#(^J(L, ® lOD). 
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03107538.x iSi BJ3 ^ II33/47K 

;^tjfc;^;^EL>0#t, >j?EFa*l(ITO)3p(' K«*l(Al)^|al;5fe;*«' DC ^>ffi., 
5^i»I*;^JSSLil|c.>g^(Alq ^ C545T 7 J5l#6^^ife.#4t)i4^# 

® 21, 22 5^23^^6^^^. 

>^t@21, 22j^23t, (0)^j5«J^:^;|^#^ 1 6^ EL>t#6^ 

^>^(cd/m^) -%>ffi.(v) #;{i£A^, ^>>jt.^>^(mA/cin^) >ffi.(v)#4«Eift 
^6^e>ifc>;l.^^ (cd/A)- ^i^it>^(iiiA/cm^)#>|i£A^6^®. 

Ct ^^^t* EL 7t^-A^XM^^ ^ it ^^^J) 

^ ITO (^4fc^^. jl^ ^ ASAHI GLASS fi^aei4t>*A) >»t ^gl.:?^^ 20 
Q/n6^ii:8^Pa;&2(^JjL, ® lOA). >j5E.#^ 10-*^6^*^T^>^L^^ 2 ^/ 

^-^ifL^it^r, itiiffi *L>g-#^6^^>^^^ 40 (^-SLQ lOB), 
M-A^ ^ 800 J^6^ S T^^^M: 9. 




>X^R$iJ^^#i^>&9Jii':i^;^>f>^^^ 400^6^ iLit>gr 10. 



03107538.x 



^ BJ 45 m34/47M 



200 ^6^^>^(Cs)-#^6^%-1^ii>V>g^ 11. 

IL;^, Aitm'^m^M:^M^Mk¥t^Al{^^. @ lOC). 

7«?^ 1, 000J^6^K*L5. 9jlfc|t#'|-;^0.2cm(-^JL)^0.2cm(t:>^) 
6^jt:^^JC^SJ^6^^*UEL70'ft(#-i?., © lOD). >^tS 17 t» 

j^3!'J*>^iLife.>g^(i^-DPVBi) 10 iL#6^:g.it#4i£J':4|^#S 24. 25 26 

>^lS 24, 25j^26t» ^&®#^(0)t^j5iJ^^;#>^'^ 2 6^ EL >G 
#6^^;^(cd/m^) -%.>ffi.(v)#;tt*^, ^ gS, ^ >^(mA/cm^) - (v) 

(cd/A)- ^ijl.^;t.(mA/cm^)#4«t*^6*rffl. 

3 

12 >/r^>g:^##^^6^^*i>EL ^^-^m^Wf-^-^^] 1 

^ ITO 9^ ^ ASAHI GLASS ifj^Mf^) Ji'^fa.j^^ 20 

0/n6^it:»^Pa;feL2(^;e,, © lOA). 10**^6^ ^^T^^St^ 2 ^/ 

#'6^^i.^Ril#-T, ai.it^^;^*L>gr^^6fl^>^^;^40(#^ie>S lOB). 
^^^^ 700 ^6^^5^#*&^>i: 12. 

KODAK 6^ ''DCJTB"{MvuJ^)75L^.$i\±:^^i^M: 12 JiKli^ A>f-;li(/ 
lwt%6^9^;5t^#. 
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03107538. X 



1^ HJ 45 ^35/4?:^ 



200^6^ ^>^(Cs)-#-^ 60^^ i3L>V>g: 14. 

iiii^f-li«*L>g:^j^d^^.^^;^41(^JiL. @ IOC), >^t^ 

j^^ly 000J^6^B^^5. m^^^-^^ 0,2cmi^Jk.)^0,2cmi%M.) 
6^it^^JLitEJ^6^;^*LELic#(;#^JlL. @ lOD). 

>i5LjHi;f ;^ EL TG-fr v^pH;fe.(ITO)^OT*L(Al)^|Bj:sfe;fti» DC 
3^^J*>y.iLit>ir(Alq DCJTB ^^i5L^.M) 13 iL#6^^ife.#4£»':tlt 
#® 24, 25 3^26^^6^^^. 

^S 24, 25^26t, ;^^^(+)^i5'J^n^(^#^] 3)EL X.'frfi^^ 

^fi^S^^wl.^^ (cd/A)- ^i4^>g.(inA/cm^)#4£i*^6^S. 
>i5t;#^^^ 3 6^ ELTC^ft^t, if-i^^M^^B^:^ 2.2 ik., 

1 

(^^^^ V2O5, iL^>H:.-:^4R.6^%#/^:t>g:6^;^*LEL7G#6^^Jjt 

>^^^40(^J2>, © lOB), 10A/;r^6^ ITO ©^-^JtfiOiSt^^ 

# 1 Ji>5L^.iL;*.-^7G 3-1. Pp, «l>^3u^. 600 J^>?-6^ a -NPD, 400 ^ 
>^&^ Alq : C545T = 100 : 1 (**tb)6^>& . 200 J^>i|- 

>^#4^6^>irJi>':^^;S.;f;l7(^^ 100 ^^^^f^^M: 4-1. ^#/^i>& 
4-1 f^if^^^:^>^m-rt¥'^^M^M,i^^ 40(^^, m 10B)#.^t 
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03107538.x i^i ^ ^36/4?:^ 

^ a -NPD. 400 i^M- Alq : C545T = 100 : 1 (IT * , ^ 200 

^J&, aiii^f-W*l>g::>^^6^^>^^^41(^ii, @ IOC), 

10 ^/#'6^iJC:fKil^T, #^(Al)35u^P.^Jj5tit-¥->C 3-1 XfM^AM-^^ 
^ 1, 000i^6^M;fe-5. @jlfc^#^;^0.2cm(^>^)^0.2cm(^>!t)6^ 

jt^^^iLife.EJ^6^^*LELiG#(^J<L, @ lOD). 

EL iC#t. ^Pa*L(ITO)jfpK;fe(Al)4UBl;5fe;frp DC 4>ffi., 
^«']J:>W.iJLife.>&(Alq ^ C545T 6^*Ju^R>&)^#fi^^it#4«tK:4lt'lf S 

21, 22 ^ 23 /9f^6^^^. 

21, 22 3^23 t» ^^SL^i^^^iO)^m^T^^i^'^ 1 6^ 
ELit>H"6t^>^(cd/m^)-^>ffi.(v) ^^i^i^y ^ i^^>^(mA/cm^) - % 
>^ (v)#;^*^6^@^%i<i^^ (cd/A)- %iJ^^>t.(mA/cm^)#4£il^^ 

-NPD, ^^-f^^^^^tl^^^d^^Jfe, 

-NPD M^^n^^^m^^^f-^M:, 

Ai^f-/^it6^^^4t^>^. Pp. >j§L^^>hiLit#-^t/^:^^^4«.^>^, 
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03107538. X 



itt BJ3 ^ ^37/47^ 



J^i^M^J^¥tm40i4-yiy ® lOB), 10A^n^6^ ITOS^-;k^ 

1 Ji5JL^.iLit#-iG 3-1. 35u^> 700 J^>!f-6^ a -NPD, 

400 ikJ9- Alq : C545T = 100 : 1 (* * *b)6^ , ?^ 200 
>§-^ ^ ^ ^ (Cs) 6^ ^>i^ . 

>^t#^ 1 i^/ie)^6^^&^.ii.^T, ^^dpT^^iC^^ft^ 4F-TCNQ: 



1 j^/#6^iiu:^^ii.^T, # 2-TNATA (BANDO CHEMICAL ¥j 

^^f^M4-i ^^^^^m'f^¥^M:'f^M^Mk¥tm^ 40(;^ie„ 
m ioB)#>j«LTii#. 

6^ a -NPD, 400 J^>f Alq : C545T = 100 : 1 (^J: J^b)6^>g^ , ^ 200 
&4^^>S'^;^^^>^^(Cs)6^-;S.^>g^. 

ii.it^i^W*L>g:^J^6^^>i^^41(^ji, @ IOC). 
10 ^/#^6^^^xil#T, #fe(AI)>X.^P.flJiSLit#-7G 3-1 Jiia^j^;|->^i(y 

^ 1, 000J^6^E«;feL5. B jlfclt^'^^S" 0.2 cm 0.2 cm (^>^)6^ 



F 



F 
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03107538.x itt 

iE-:^^>5titE.J^6^^*l*ELiG^(^JL, S lOD). 

^«M*>y^iLit>&(Alq C545T 6^*^^?.j&)it#6^^it#^iEj':it||.#© 
21, 22^ 23 PJf^¥j^^. 

^i^S^^i^^^ (cd/A)- %>;l.^;^(inA/cm^)#;t£ife^6^S. 

4F-TCNQ 5^^^ ^ ^ 6^ 2-TNATA ^ |aj ^ j5l % # SC^ 

^(4F-TCNQ- + 2-TNATA+). Pp, 4F-TCNQ 2-TNATA >&4l|iJ fi^ 

7M,^-A= 0.12 niA/cm^)i^^^I^^]^, J- # 0.1 mA/cm^ 6^ % i^^>^ 
Tle.#^ 25.6 cd/A 25.6 cO/A '^^^ A 

15//r^>i:Jb##^^6^>*^iL8^^;^EL>G#^it:fc'T. 

ikMtii^, &^ITO(^4fc^^. H^r ^ ASAHIGLASS 6^3^#>*,&) >t % 
|i§.i(7^20 0/n6^ii:8^PH*l2 (^JiL. @ lOA). lO'^^fi^^^T 

lOB), #*:^^i^#*&^'^^fe6^ a-NPD ^t.^R$«J ITO-^|t6^rslL^^ 
# 1 »':t^J^>?->^^^ 800 ^6^^^#i^>g:.5jLit-^it 3-1. 

m.^, 2 ik/^^iSLMit^T . #Jf-DPVBi(COVION 6^/"*) 
'SLM^'^^i^i^M:J:.)cJL^^j^A^^ 400^6^4L^#^ic3-l 6^>^it>i:, 
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03107538.x itt HJ 45 ||39/4735 

1^^, ^J^^^n 1 tW. >^tl^ 2 J^/^6^3L^.il^T, #V205 
{^Su^^=~igL)^^.%%^^%'^A^ Cs 6^>Si'^>&Ji)':A^ii>^,^:Hr^ 100 
^^f^^Mz 4-1. '(fe»^L^i^;t;^;gr^jdl6^^>^4^;^ 40(#'JL. @ 

*»^#^3t^#, >i5t.#^ 700^6^ ^>g.TiJu^. a-NPD 

«DCJTB''(KODAK), ^^^'^'^^ik M:2c^^xr^ik.^-M^^^ 400 J^fi^^ 

6^ 200 ^^-ISi^^, 

H;^, itit^-f W*l>&^A6^^>^*l^^41(^ii, a IOC), 

AM-AMf^U 000^6^W*15. Qj*^#>^;6"0.2ciii(-1^;^)^0.2 cm 
(^J.)6^j£^^iLitEJ^6^^*l*ELiC^(^iL, © lOD), 

>^®17t, i^^^^^n^^ife^ 3 t^t#6^^*l.ELiG4f 6^4L# 
it:^. EL 7C#t. >i5tfB*L(ITO)^W*L(AI)^)B|;5fe;*a DC % 

© 39A^^^^jtfc7G'H"t^#4Ji.^6^H>i(@ 39B). 

«'J*7C'H^6^#;tt»':A|t#.^S 24, 25 ^ 26 t^^^O^^. 

(cd/in^)-^>S.(v) ^ ^ >g.(iiiA/cm^) - (v)#4£ife^ 

fi^S^^ait.^-^ (cd/A)- %»fc^>^(mA/cm^)#4£*^6^@. 

^I^^P] 3 6^ELiC#t, ^:fi^iL#6^^>a A 4.8-6^1. ^4.8 

2 i^it^^B. (2.6 ik.y^^-^'m 3 ^;ffi.(2.2 

J*^h, >^^^-0ll 36^EL/G#t. d^^^-N 1 t^#. 
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03107538.x i^i W H 1140/4735 



4 

ITO ©^^It6^iat^^# 1 -hi5u^P.iSLit#->0 3-1. ^f, m^iSL^. 
700 a-NPD, 600 ikJ^^^ Alq : C545T = 100 : 1 

, 100^>f-^4S^>S"^j^3^iir>^#.(Cs)6^)a'^;&. 

>^#^6^>&JiK:4^^^>^i&^ 300 ^6^%#/^^>ir 4-1. ^nf^Mz 
4-1 ¥H^A^>^m^^M*M:^J^^^J^¥t^ 4Qi$-^, m 10B)#>^T 

>«i";^*L>g^:J^^d^<^>^4^:^ 40(® 10B)>f^A^^5t^^*f 1 

a -NPD 6^ ^ 5t#i^>^6^>&>^>^K:t|l#^#>^;^>J|^>^i«^ 
^ 300, SOOj^f 700J^6^^;^#i^>&6^^l5l;^^L(celI). 

Pp, ^^>h^#_hJ«5>^a€.:|R300. 500 ^ 700 J^>f- 6^ a-NPD, 600 
J^>^&:fe Alq : C545T = 100 : 1 (4:i:it)6^>g^ . ^ 100 ^^^^SS-^ 

^il^Jcm^TSLM 300, 500 ^ 700 i^^^ a -NPD, 600 3AJ^ Alq : 
C545T = 100 ; 1 J:J=b)6^>& , ^ 100 ikJ^^^^^A^^kMi^iCs) 
ft^m.^J^, yJLi^AX^^^ 3-3. 

s^^m^m^j^mM±J^4k^4u$-j>L, m ioq, 

10 ^/fy^m^^it^r, ^^{A\)i5i^.^^^^^ 3-3 JiK:*^^>f->^i<? 
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03107538.x iffi 15 1141/47;^ 

1, 000 6^ 01*1 5. m^^^^^ 0.2cmi^A)^0,2cmi%A.)ii^ 

jt^^iLitEJ^6^^*l.ELiG^{^je., ® lOD). 

^^4^^^^ EL iC#t, >^tfB;fe.(ITO)j^ra*l(AI)4l|8l;5fe> DC 

^>5.ja«il*;yLiL>b>&(Alq ^ C545T 6^*3L^fl>&)iL#fi^#:ilc.#-^£»':*l^ 
21. 22 5^ 23 27, 28 ^ 29 t^^^^^. 

EL TC-H" 6^ ^ ;^(cd/m^) B.(v) I* ^ 6^ S , ^ wS. >^(mA/cm^) - 
i\)^^i^m,^m^^'^^^ (cd/A)- ^i^^>t.(iiiA/cm*)#4iE* 

^>^^^(cd/A). ^'t-;^^^^#^>&t>^>^i& 700J^6^iLit#-ic3-2 

#*&^>&t>f->^^ 300 ^ 500 ^6^ iLit.#->G 3-2 3-3 A^it^t, 

18 ^28 cd/A. 

>^L^5^#*&->&t^;^^ 700 ^6^iLifc#-iC 3-2 ^ 3-3 6^iC# 

^ia^'&'fn*^^>hJLit#->G^ 16 cd/A (48/3 cd/A)6^*.>^^^, :^f@J«:. 

# AI W;fel^itj?&JSSL4tiit-^6^ 1/4 3/4 ^-^^ 5/4 

^^^n 4 t^#6^-^#^*l' EL >G>ff:3|r#6^JL#it-^je.® 19. 
^:5fe^«J 4 7t'H^/>t^4C#^-^6^,^7f:^ic^>j^^^(48cd/A) 

^^sfe'f??! 5 

^ >^ * ^ ^ J5t # it 6^ i^L ^ it 6^ EL 6^ it ^ 
^>^^>MTO ©^-x^|i:6^«SL^^#, ^^^^^^^ 3^^:^ 
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03107538. X 



m B42/47:k 



300, 500^700 ^6^^^#*&^>&fi^^>h:f I^^fe^L. 

(cd/A)- iiS. W >^(mA/cm^)#;{£ * ^ 6^ B . 

JSl#it:^JSL© 20. 

>@ 32 /^^, A^^^^nM-Aif^ EL iG#^>h^^*l;*L^'ft.6^ 
^'^^^(cd/A). ^^^'f^*&^>g:t>f >^i& 700 ^6^>5lit#-iC 3-2 

6^>G>ftt. ^#^i±^ 8cd/A 6^*.»i^>t., il^J^^^>^^^i¥i^Mzt 
M-^^ 300 ^ 500 ^6^j5SLit#->G 3-2 #^7G>ftt, ^#6^ 
6.5 4cd/A. 

&^>?->^^^ 700 J^6friCit#-iG 3-2 6^ EL iC'H^A^.if -DPVBi 

^:^m 41 ;t^>&ri*t^^^d^>*^4L8j^^ELit>H^*j3i:fe.T. 

>^#^40(^ie>, m lOB), lOA ^/r^6^ ITO S^^|t6^5iL^^ 

# 1 Jii5u^RjL;5t#-/G 3-1. Pp, -lfi5>^>^^R 600 J^>f 6^ a -NPD, 700 

Alq : C545T = 100 : 1 (^:*Ms)6^>& . ^^>^^J:-i^AM-is.;S^ 
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03107538.x ili HJ 45 1143/47:^ 



6^ <ir>^ ie. 




^40(^J?„ S 10B)i5iu^.. 

6^a-NPD, 700 Alq:C545T = 100: 1(^1: , ^10 

IOC), J^niQ ^I^^TSL^^^y , #^(AI)3C^R$»|jSJLit#iG3-l Ji»2A 

1,000 J^6^W*15. 0.2 cm (-^ A)^ 0.2 cm 

(t:>^)6^it^:^^iLitEJ^^^*l*EL>C.#(^i(L, @ lOD). 

>^jtb^;^ELit#t, >i5L Fa *l(ITO)^ B« :fe-(Al)^ la] ;5fe;fta DC ^B., 
j^^J*>^;SSLit.>g^(Alq ^ C545T 6^*iJL^.>^)iL#60^ib#^>'X|t#S 
42. 43, 44 ^45//r^6^^^. 

>^® 42, 43, 44^45t» • )^^'J*^ ^4fe^ 6 6^ EL it 
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03107538.x itt W 45 1544/47M 



& (y)^^ik^ii^m^^i^^^ (cd/A)- ^^^^AimA/cm^)^^^^ 

^mm^^iO), ^@ 42. 43, 44 3^45 t^^^f-^ 
^^6^#^#iC#(ITO/a-NPD, 600 J^/AIq:C545T=l 00:1, 700 J^/Liq, 
10^/AI)6^^^^S. 

#fie.^^^(V205 + a-NPD^. V2O5 ^a-NFD ¥j M M ^ ^ 
^^ik^Ji^if-^^]'^'^ No.2000-182774)^ 4^ -^^^T — # ^ II ^ 

:^:«lfe"J. Endo, T. Matsumoto, ^ J. Kido, Jpn. J. Appl. Phys. Vol. 41 
(2002) PP.L800-L803"). 

34). ^>&>y.%;^ E(V/cm)^%>^it>^(A/cm')6^rtS^j-H-^^J:^#A6^ 
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'I 



03107538.x iJi BJ ^ 1145/4?;^ 



% laj 6^ ^ ^ lt# , % 91. ^ ;^(A/cm^)>W.«L^$»l 6^ •^'(g.(A)^ % 
^EJi.6^;^^^R(cin^)lL#, ^, ^ Ei.^(Qcm) = (V/cm) / (A/cm*). 

ITO^*ll6Ji, 2mm 17 -t, iSLMf^r^^^^ 

2mm 6^^%*L 17 ^^'^^ ITO 16 -iL5t. it#lt#;9r^ 

m 35^36;9r^, 19, j^>^t^*t 19 ^ib 

*:^>tt, '^Jt^#*6^%^ E(V/cm) itit#^;*n*.^ (V) ^ ^fe.^?! 
R^)'a^yig.^it&i^6^^^^^^(45tjlfc^:5fe'«^J W X t cm*)i?&-H-^. 

@ 37 A^^%IB-^«'J*M^60®. >^tj*.^^ft^^J^#AA ITO 

>X^P.>& (V2O5: a-NPD 6^-=>#>^^tb=4:l, 1:1, 1:2) (#-#>^;5JlH^ 6^ % 

^;g:), V2O5 ^ 2-TNATA ¥iJ^m.^>M: (V2O5 : 2-TNATA = 4:1 
*HS) (#.#>*^>?SL8«6^^#/'^>g:)l. a-NPD, Cs^>S-^A6^*2^u^R>& 

[Cs :>S-^A= 1:1 (>f ^rt:)(4Life.#-7Gt6^^^ii->^>^)]> ^ Alq (J^L;5fe.# 
#). 
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03107538. X 



ift BJI ^ m46/47K 



ITO, VzOs^a-NPD ^mM^, ^ ViOs^ 2-mATA 

a-NPD, Cs ^i&^A^^iii^^-M, ^ Alq3. ^m^^^AM 
^¥i^m^^^m^^fSL^(AM:). J*^h, M-J^^ 1000 ^6^a-NPD 1^ 

O ITO 4.6 X 10 * a cm 

• V2O5 7.2 X 10* n cm 

^ V205^a-NPD^i5i.:|P.>&(V205:a-NPD=4:l) 2.0x10^ Q cm 

0 ViOs^a-NPD ^2t.:^.>&(V205:a-NPD=l:l) 3.6x10* Qcm 
+ V2O5 ^a-NPD ^5L^,>g^(V205: a -NPD=1:2) 2.9 x 10^ Q cm 
□ V20s#«' 2-TNATA 6^^5iL:|R>g(V205:2-TNATA=4:l) 5.8 x 10^ 

cm 

A ITO/V2O5/AI 2.8x10^ Qcm 

▼ ITO/a-NPD/Al 1.5 x 10^^ Ocm 

■ ITO/V2O5:a-NPD(50 ^ )/a-NPD(1000 ^ )/V2O5:aNPD(50 ^ 

)/Al 

8.0xl0*n cm 

Al/ Alq3/Al 6 x lO" Q cm 

1 ITO/Cs:^S^^A/AI 2x10^ Qcm 
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03107538.x i^i 19 1? 1147/4735 



:ftpJi/;rj4, ^f-^iLB>«6^ EL it#^^il#6^^^, ^^^^^ 
^ >h it 4 iC ^ J. >^ % *L 4l lil 1^ iL ifc ^ >C * % ^ ^ 4 # ^ >g ^ 

8^ 'ft 6^ :lf ;r; fg. ^ ^ 8^ 6^ ^ ® . 
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03107538.x 



m =^ m 
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03107538. X 



Tit m m 
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03107538. X 
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